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,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG3K\VLFVDQG,QGXVWULDO(QJLQHHULQJ
7KH6HFRQGDU\'HYHORSPHQW%DVHGRQ0DS;
üü*,6RI7RXULVP'HVLJQDQG,PSOHPHQWDWLRQ
)X&KXQFKDQJ
6FKRRORI&RPSXWHU6FLHQFHDQG7HFKQRORJ\6RXWKZHVW8QLYHUVLW\IRU1DWLRQDOLWLHV&KHQJGX6LFKXDQ&KLQD


$EVWUDFW
:LWK WKH LQIRUPDWLRQ WHFKQRORJ\ XQFHDVLQJ GHYHORSPHQW DQG GLJLWDO FLW\ FRQVWUXFWLRQ JHRJUDSKLFDO LQIRUPDWLRQ
V\VWHPVDSSOLHGWRPDQ\ILHOGV7KLVV\VWHPXVH0DS;IRUVHFRQGDU\GHYHORSPHQWEDVHGRQ9&DFFRUGLQJWRWKH
VSHFLILFUHTXLUHPHQWVDQGWDUJHWRIWRXULVPLQIRUPDWLRQV\VWHPUHDOL]HWKH6LFKXDQSURYLQFLDOWRXULVPLQIRUPDWLRQ
PDQDJHPHQWDQG LQTXLULHV WR LPSURYHHIILFLHQF\SXUSRVH IRU WRXULVWV LQTXLUHVWKHWRXULVPLQIRUPDWLRQRIDOONLQGV
KDVEURXJKWJUHDWFRQYHQLHQFH

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGV*,60DS;WRXULVPVHFRQGDU\GHYHORSPHQW
,QWURGXFWLRQ
$VLVNQRZQWRDOO6LFKXDQSURYLQFHLVRQHRIWKHGRPHVWLFKRWWRXULVWURXWHVLQ&KLQDZKLFKKDVWKH
PRVWWRXULVWDWWUDFWLRQV,Q6LFKXDQSURYLQFH)DLU\WDOHZRUOG-LX]KDLJRXJLDQWSDQGDWKHDQFLHQW6LFKXDQ
FXOWXUDO UHPDLQV VLWH 6DQ[LQJGXL KDV EHFRPH WKH WKUHH LQWHUQDWLRQDO WRXULVP EUDQGV /LWHUDWXUH LV TXLWH
GLVWLQFWLYHLQ6LFKXDQSURYLQFH6LFKXDQRSHUDPHORG\LVGLYHUVLIRUPKXPRURXV OLYHO\IRUPDQGVLPSOH
ODQJXDJH SHUIRUPDQFH SURJUDP GLYHUVLILFDWLRQ VRPH SHUNV OLNH PDVNRII VSUD\ ILUH HWFZLWK D VWURQJ
DUWLVWLF HIIHFW 6LFKXDQ GXOFLPHU DQG 6LFKXDQ 4LQJ\LQ DV WKH PDLQ IRON DUW IRUP 7KH IRRG FXOWXUH RI
6LFKXDQLVDVSHFLDOVNLOO6LFKXDQFXLVLQHLVRQHRI&KLQD
VHLJKWPDMRUPDWHULDOVWREHXVHGZLGHO\WDVWH
PRUHDQGGHHSZLWKVSLF\WDVWHLVFKDUDFWHULVWLF OLNH.XQJ3DRFKLFKHQ6SLF\&KLFNHQ0DSR7RIXDQG
VWHZHGWKLQEHHIVOLFHV7KHUHDUHVRPDQ\YDULHWLHVRIVQDFNV/DL7DQJ<XDQ'DQ'DQQRRGOHVEHDQFXUG
QRRGOHVVWHDPHGEHHIHJJEDNHGFDNHVDUHWUDGLWLRQDOVQDFNV
$V WKH UDSLG GHYHORSPHQW RI VRFLDO HFRQRP\ DQG WKH SHRSOH
V VWDQGDUG RI OLYLQJ LQFUHDVHG TXLFNO\
PDVVWRXULVPGHPDQGLQFRQVXPSWLRQOLIHDQGVSLULWPXOWLOD\HULQFUHDVHVXEVWDQWLDOO\6LFKXDQSURYLQFHLV
JURZLQJLQWRDQXSZDUGWUHQGLQWRXULVWDUULYDOV WRXULVPLQIRUPDWLRQLQTXLULHVZLOOEHWUDYHODQGZDQWWR
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WUDYHO DUH WKRVHZKRZLOO GR WKH MRE 7KH WRXULVW LQIRUPDWLRQ V\VWHP EDVHG RQ*,6 LV MXVW WR VROYH WKH
SUREOHP RI VFDWWHUHG LQIRUPDWLRQ FDQ IRFXV RQ WKH LQIRUPDWLRQ RI WUDYHO VLWHV FDQ PRUH LQWXLWLYH LQ
HOHFWURQLFPDSVHHWRXULVPVLWHSURYLGLQJLQWXLWLYHLQIRUPDWLRQXVHUIULHQGO\WLPHO\TXHULHVWRWKHWRXULVW
LQIRUPDWLRQWKH\QHHG
6\VWHP 'HVLJQ
7KLV V\VWHP LVDQHZ VSDWLDO LQIRUPDWLRQPDQDJHPHQW V\VWHPEDVHGRQ*,6 JHRJUDSKLF LQIRUPDWLRQ
V\VWHP WHFKQRORJ\ ,W LV WKH PDLQ WRXULVW UHVRXUFHV LQ 6LFKXDQ FRPELQHG ZLWK UHVRXUFH SURWHFWLRQ
GHYHORSPHQW DQG XWLOL]DWLRQ DV ZHOO DV VXSSRUWLQJ WRXULVP SURMHFWV DV WKH EDFNJURXQG JHRJUDSKLF
LQIRUPDWLRQ V\VWHPV WHFKQRORJ\ LQ VXSSRUW RI WKH UHOHYDQW LQIRUPDWLRQ WR FRPSOHWH WKH DFTXLVLWLRQ DQG
GLJLWL]DWLRQZRUN
0DLQ:RUN
7KLVGHVLJQFRQVLVWVRIWZRSDUWVRQHLVGHVLJQWKHSDUWRIWUDYHOJHRJUDSKLFLQIRUPDWLRQWKHRWKHULV
GHVLJQWKHSDUWRIJUDSKLFDOLQWHUIDFHSURJUDP
7KH WUDYHO JHRJUDSKLF LQIRUPDWLRQ PHDQV WRXULVP LQIRUPDWLRQ GDWDEDVH GHVLJQ DQG EXLOW ZKLFK LV
LQFOXGLQJ VSDWLDO JUDSK GDWDEDVH DQG SURSHUW\ GDWDEDVH 3ULPDULO\ RQ WRXULVW DWWUDFWLRQV WUDQVSRUWDWLRQ
SODFHQDPHVDQGRWKHUJUDSKLFVOLEUDU\WKHXQLILHGPDQDJHPHQWRIJUDSKLFVGDWD
7KHJUDSKLFDOLQWHUIDFHSURJUDPPDLQO\FRQVLGHUDWLRQRQWKHXVHUYLHZRIFRQYHQLHQFHDVLPSOHGLUHFW
LGHDV WR GHVLJQ D JUDSKLFDO LQWHUIDFH WR IXOO\ WDNH LQWR DFFRXQW XVHUV DUHQRW IDPLOLDUZLWK FRPSXWHU DV
PXFKDVSRVVLEOHZLOOXVHVLPSOHJUDSKLFDOEXWWRQVRIWKHIXQFWLRQGRQRWQHHGWRVHWGLUHFWO\FDQILQLVK
WKHFDSDELOLWLHVWKDWXVHUVQHHG
6\VWHP)XQFWLRQ0RGXOH'HVLJQ
$FFRUGLQJWRWKHIXQFWLRQRIWKLVV\VWHPLWGLYLGHGLQWRWZRSDUWVRQHLVQRW*,6SDUWPDLQO\SURYLGH
ZLWK WKH 6LFKXDQ SURYLQFLDO WRXULVP UHODWHG DOO NLQGV RI LQIRUPDWLRQ LQFOXGLQJ PDMRU VFHQLF VSRWV DQG
WRXULVWHWFWKHRWKHULV*,6SDUWSURYLGH*,6LQTXLU\VHUYLFHV
'HVLJQ6FKHPH,QWURGXFWLRQ
'HVLJQHG XVLQJ0DS; FRQWUROPHWKRG LPSOHPHQWDWLRQ DQG9& WKHPDS GUDZQ E\0DSLQIR FUHDWH
GDWDEDVHXVLQJ64/6HUYHU
7KH6SHFLILF'HVLJQRI7RXULVP,QIRUPDWLRQ6\VWHP
3URGXFWLRQRI7RXULVP0DS
y %RXQGDU\UHQGHULQJRI6LFKXDQSURYLQFH
8VLQJSRXQGVRIWKLFNSLQNOLQHVKRZ6LFKXDQSURYLQFHERXQGDU\)LUVWRIDOOVFDQQHG-3*IRUPDW
PDS RI 6LFKXDQ SURYLQFH WR LPSRUW DV OD\HU RQH WKHQ DGG D OD\HU DFFRUGLQJ WR WKH 6LFKXDQ SURYLQFLDO
ERXQGDULHVGUDZQWRVFDOH$VVKRZQLQ)LJXUH
y 2UGLQDU\URDGUHQGHULQJRI6LFKXDQSURYLQFH
8VLQJSRXQGVRIJUHHQOLQHVKRZ6LFKXDQRUGLQDU\URDGV&UHDWHOD\HUEDVHGRQWKHHVWDEOLVKPHQW
RIWKHSURYLQFLDOERXQGDU\PDSDQGSURSRUWLRQDOO\E\GUDZLQJRUGLQDU\KLJKZD\WZRSODFHVEHWZHHQURDG
E\PHUJLQJWKHJUDSKLFDOPHWKRGFRPELQHGLQWRDZKROHILJXUHSL[HO$VVKRZQLQ)LJXUH
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
)LJXUH 6LFKXDQSURYLQFLDOERXQGDU\PDS

)LJXUH 6LFKXDQRUGLQDU\URDGPDS
y +LJKZD\UHQGHULQJRI6LFKXDQSURYLQFH
8VLQJSRXQGVRIUHGOLQHVKRZ6LFKXDQKLJKZD\'UDZLQJPHWKRGDQGRUGLQDU\URDGVDVZHOO$V
VKRZQLQ)LJXUH
y 6LFKXDQSURYLQFHSODFHQDPHVDQGWRXULVWDWWUDFWLRQVUHQGHULQJ
7KHOD\HURI6LFKXDQSURYLQFHSODFHQDPHVDQGWRXULVWDWWUDFWLRQVLVWKHWRSOD\HU3ODFHQDPHVLQWKH
SURYLQFLDOFDSLWDOVDQGPXQLFLSDOLWLHVZLWKUHGILYHSRLQWHGVWDUWKHFLW\OHYHOZLWKELJEURZQGRWVSXUSOH
GRWVXVLQJFRPPRQQDPHVWRXULVWDWWUDFWLRQVZLWKWKHUHGWULDQJOH$VVKRZQLQ)LJXUH
y 6XPPDU\ILJXUH
$IWHUGUDZLQJDOOWKHOD\HUVSXWDOOWKHOD\HUVWRJHWKHUQDPHO\WKH6LFKXDQSURYLQFLDOWRXULVPPDS$V
VKRZQLQ)LJXUH

654  Fu Chunchang / Physics Procedia 24 (2012) 651 – 659


)LJXUH 6LFKXDQKLJKZD\PDS

)LJXUH 6LFKXDQSURYLQFLDOSODFHQDPHVDQGWRXULVWDWWUDFWLRQVPDS

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)LJXUH 6LFKXDQSURYLQFLDOWRXULVPPDS
7RXULVP*,6)XQFWLRQ5HDOL]DWLRQ
*,6XVHVWKHFRUHWHFKQRORJ\DVPDSOD\HUVYHFWRUDEVWUDFWVSDWLDOGDWDDQGDWWULEXWHGDWDLQIRXUDUHDV
%DVHGRQWKLVFRPELQHGZLWKWKHFKDUDFWHULVWLFVRIWKHDFWXDOSURMHFWWKHXVHRIREMHFWRULHQWHGDSSURDFK
DEVWUDFW SRLQWV OLQHV FRQFHSWV GHYHORSPHQW EDVHG RQ $FWLYH; WHFKQRORJ\ JHRJUDSKLF LQIRUPDWLRQ
V\VWHPV3DUWLDOIXQFWLRQUHDOL]DWLRQLVDVIROORZV
y 0DSYLHZ
3URYLGHV WKH EDVLF RSHUDWLRQ RI WKH PDS LQFOXGLQJ ]RRP SDQ DQG WKH FKRLFH RI WKH PDS8VLQJ
6HW&XUUHQW7RROWKHVWDQGDUG)XQFWLRQWRROVLQ0DS;WRDFKLHYHVRPHFRGHVKRZQEHORZ
• 5HGXFHWRRORIPDS
PBFWUO0DS;6HW&XUUHQW7RROPL=RRP2XW7RRO
• (QODUJHWRRORIPDS
PBFWUO0DS;6HW&XUUHQW7RROPL=RRP,Q7RRO
• 5RDPLQJWRRORIPDS
PBFWUO0DS;6HW&XUUHQW7RROPL3DQ7RRO
• 2EMHFWVHOHFWLRQWRRORIPDS
PBFWUO0DS;6HW&XUUHQW7RROPL6HOHFW7RRO
y 'LVWDQFHPHDVXUHPHQW
7KHPDSLVPHDVXUHGE\WKHXVHUPDQXDOFOLFNGUDZOLQHZD\WRILQLVK8VHUVE\FOLFNLQJRQWKHWRROEDU
PHDVXUHGEXWWRQ WKHPRXVHZLOOGUDZ DSRLQWDIWHUXVHU¶VFOLFNRQFHDJDLQFOLFN DQG WZRSRLQWVZLOO
IRUPDVWUDLJKWOLQH7KHGLVWDQFHZLOOVKRZLQPDSXQWLOWKHXVHUGRXEOHFOLFNVFRPSOHWHPHDVXUHPHQW$V
VKRZQLQ)LJXUH

)LJXUH 'LVWDQFHPHDVXUHPHQW
y 4XHU\IXQFWLRQ
8VLQJWKHPHWKRGVRI0DS;WRDFKLHYHWKHTXHU\IXQFWLRQOLNHOD\HUDQGILQGFDQTXHU\WKHPDSSL[HO
DQGDXWRPDWLFDOO\SODFHGLQWKHFHQWHURIWKHYLHZDQG]RRPWRWKHDSSURSULDWHSURSRUWLRQ,IQRWIRXQGWKH
VLWHWKHSRSXSGLDORJER[SURPSWVZLOODSSHDU$VVKRZQLQ)LJXUHDQG)LJXUH

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
)LJXUH )LQGWKHSODFH

)LJXUH 1RWILQGWKHSODFH
7KH'HVLJQRI'DWDEDVHDQG6\VWHP,QWHUIDFH
7KH GDWD LQ WKLV V\VWHP LQFOXGHV DWWULEXWH GDWD DQG VSDWLDO LQIRUPDWLRQ GDWD 7KH VSDWLDO GDWD LV
FRPSRVHG RI JHRJUDSKLF GDWD VXFK DV URDG SODFH QDPHV VFHQLF VSRW QDPH 7KH DWWULEXWH GDWDEDVH
FRPSRVHGE\JHRJUDSKLFDOHQWLW\DWWULEXWHVGDWD
'DWDEDVH'HVLJQ
y 6SDWLDO'DWDEDVH'HVLJQ
7KHVSDWLDOGDWDLVDQ LPSRUWDQWVRXUFHRI*,6ZLOOH[SUHVV WKHVSDWLDO ORFDWLRQRI WKHREMHFWVXUIDFH
IHDWXUHV,QWKLVV\VWHPWKHWRXULVWLQIRUPDWLRQLVGLYLGHGLQWRIRXUOD\HUVVXFKDVSURYLQFLDOERXQGDU\OD\HU
6LFKXDQRUGLQDU\URDGOD\HU6LFKXDQKLJKZD\OD\HU6LFKXDQSODFHQDPHVDQGVFHQLFVSRWVOD\HU
y $WWULEXWH'DWDEDVH'HVLJQ
7KHDWWULEXWHGDWDEDVHXVLQJ64/6HUYHUGHVLJQFUHDWHDWRXULVWLQIRUPDWLRQWDEOHLQWKHGDWDEDVH
7KLVWDEOHLQFOXGHVQXPEHUQDPHSODFHDUHDVFHQLFVSRWLQWURGXFWLRQSLFWXUHVDQGRWKHUILHOGV
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'DWDEDVHFRQQHFWLRQ
&RQQHFWHGGDWDEDVHZLWK$'2KDVWKHIROORZLQJDGYDQWDJHVFRQYHQLHQWRSHUDWLRQKLJKXQLYHUVDOLW\
HDV\ PLJUDWLRQ RI RWKHU GDWDEDVH FRQYHQLHQW IRU WKH XVHU WR PRGLI\ SDVVZRUG GDWDEDVH ZLWKRXW
UHFRPSLODWLRQ SURFHGXUH GR QRW QHHG WR VHSDUDWH EXLOGLQJ PDQDJHPHQW SODWIRUP HWF 6R WKH V\VWHP
FKRRVHV$'2WROLQNWKHGDWDEDVH
6\VWHP,QWHUIDFH'HVLJQ
7KHV\VWHPPDLQ LQWHUIDFHLV WKH LQWHUIDFHIRUSHUVRQDQGFRPSXWHU LQFOXGLQJKRZ WRXVHWKHV\VWHP
DQGKRZ WKHV\VWHPWRVXEPLWLQIRUPDWLRQWRWKHXVHU$ZHOOGHVLJQHGXVHULQWHUIDFHPDNHVLWHDVLHUIRU
XVHUVWRPDVWHUWKHV\VWHP7KLVV\VWHPLQWHUIDFHDVVKRZQLQ)LJXUH

)LJXUH 6\VWHPLQWHUIDFH
7KHPDLQLQWHUIDFHRIWKHV\VWHPFDQEHGLYLGHGLQWRWKUHHDUHDV
• )LOH WRROEDU DUHD 6LPLODU WR WKH JHQHUDO DSSOLFDWLRQ VRIWZDUH WKRURXJK WKH WRROEDU WR VHOHFW WKH
GHVLUHGIXQFWLRQVXFKDVILOHHGLWYLHZKHOSDQGILJXUHSL[HOTXHU\
• 0DSWRROEDUDUHD7RDFKLHYHFRQWURORIWKHPDSLQFOXGH]RRPSDQPHDVXUHGLVWDQFHVDQGRWKHU
IXQFWLRQV
• 0DLQGLVSOD\DUHD'LVSOD\WKHPDSGDWD
0DSRSHUDWLRQWRROEDUGHVLJQ
0DSRSHUDWLRQWRROEDUXVLQJVPDOOEXWWRQVIXQFWLRQEXWWRQVZLWKHDV\WRXQGHUVWDQGLFRQVSOXVSURPSW
WH[WXVHUVFDQTXLFNO\JHWVWDUWHG$VVKRZQLQ)LJXUH
4XHU\7RRO
0DSTXHU\WRROLVLQGLYLGXDOO\GHVLJQHGWKHEHQHILWVRIVHSDUDWHZLWKPDSWRROLVZKHQWKHXVHUXVLQJ
WKHPDSWRROEDUZLOOQRWWDNHWRRPXFKYLVXDOVSDFHDQGXVHUVGRQ
WQHHGRIWHQPRYHWRROEDUSRVLWLRQ$V
VKRZQLQ)LJXUH
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&RQFOXVLRQ
7KHV\VWHPSURYLGHVDOONLQGVRIPDSVRSHUDWLRQDQGWRXULVWLQIRUPDWLRQIXQFWLRQFDQJUHDWO\IDFLOLWDWH
YLVLWRUVWR6LFKXDQSURYLQFLDOWRXULVPUHVRXUFHLQIRUPDWLRQWRKHOSWKHPPDVWHU6LFKXDQSURYLQFHDQGWKH
SXUSRVH RI WKH VXUURXQGLQJ HQYLURQPHQW %XW WKH V\VWHP VWLOO KDV VRPH VKRUWFRPLQJVZLWK DSSOLFDWLRQ
GHHSO\FDQIXUWKHUWRWKHIROORZLQJWZRDVSHFWVDVWKHIXWXUHSODWIRUPIRFXVGLUHFWLRQRIWKHLQFUHDVHVWKH
V\VWHPLQWHJULW\HQKDQFHWKHV\VWHPRILQWHOOLJHQW

)LJXUH0DSRSHUDWLRQWRROEDUVXVSHQGHGRQWKHPDS

)LJXUH0DSTXHU\WRRO
5HIHUHQFHV
>@ 0DSLQIR&RPSDQ\³0DS;GHYHORSPHQWJXLGHOLQHVLQ&KLQHVH´6HSW
>@ 0DSLQIR&RPSDQ\³0DSLQIR8VHU0DQXDOLQ&KLQHVH´0DUFK
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>@ &KHQ-LDQFKXQ³'HYHORSPHQW*,66\VWHPE\9LVXDO&´QGHG(OHFWURQLF,QGXVWU\3UHVV6HSW
>@ /L/LDQ\LQJ /L4LQJTXDQ DQG/L+DQZX ³*,6$SSOLFDWLRQ'HYHORSPHQWRI0DS;EDVHG´:XKDQ8QLYHUVLW\3UHVV
-XO\
>@ 4L5XL DQG 4X 6KDROLQ ³'HYHORSPHQW RI *HRJUDSKLF ,QIRUPDWLRQ 6\VWHPZLWK0DS;´ 7VLQJKXD8QLYHUVLW\ 3UHVV
1RY
>@ KWWSZZZJLVVN\FRP*,63DSHU$VS"7\SH >(%2/@6HSW
